The genus Uvaria, family Annonaceae, comprises over 100 species distributed in the tropical regions of Africa, Australia and the Pacific Islands. Several species have been reputed to possess medicinal properties and are reported to be used in the treatment of malaria, helminthiasis, parasitic diseases, dysentery, certain skin diseases, and as a purgative [1] . An ethanolic extract of the stem bark of U. chamae demonstrated in-vivo cytotoxic activity against P-388 lymphocytic leukemia in mice and in-vitro activity against cells derived from human carcinoma of the nasopharynx [2] . This cytotoxic activity has been attributed to uvaretin and isouvaretin [3] . Numerous non-volatile compounds have been identified from extracts of different parts of Uvaria species. The literature reported alkaloids [4] , flavonoids [3, 5] , polyoxygenated cyclohexenes [6] , and chalcone derivatives [7] . However, concerning volatile compounds, no more than four papers have reported the chemical composition of essential oils from Uvaria species.
In Australia, Brophy et al. [8] described -humulene (50%) and spathulenol (32%), respectively, as major components of the leaf oils from U. rufa and U. concave. Ayedoun et al. [9] have reported that germacrene D (45%) was the main constituent of the oil from the leaves of U. chamae harvested from Benin, while the root bark was rich in 2,5-dimethoxy-p-cymene (38.3%), benzyl benzoate (13.5%) and thymol methyl ether (12.6 %) . The oil of the leaves obtained from U. chamae growing in Nigeria [1] was characterized by 2,5-dimethoxy-p-cymene (26.1%) and benzyl benzoate (25.7%).
Benzyl benzoate (69.4%-90.7%) was found as the dominant component of the oil from the stem bark of U. chamae, U. afzelii and Uvaria sp. from Ivory Coast [10] , whereas in the root bark oil of Uvaria sp., 1-hydroxy 2,5dimethoxy-p-cymene (72%) and camphene (10%) were found to be the main constituents. The combination of benzyl benzoate (30.4%) and 2,5-dimethoxy-p-cymene (28.6%) were noted as major components of the oil from the root bark of U. chamae, whereas U. afzelii root bark oil contained 2,5-dimethoxy-p-cymene (14.9%), bornyl acetate (13.7%), benzyl benzoate (13.6%) and camphene (11.4%) as major components. The present paper reports for the first time the chemical description of the oils extracted from the leaves, stem bark and root bark of U. ovata, U. anonoides and U. tortilis growing in Ivory Coast. The percentage yields of the oils obtained by hydrodistillation are shown in Table 1 . The stem bark of U. anonoides contained the highest yield of 0.3%, whereas, the other samples had yields of less than 0.05%. Essential oils from three Uvaria species Natural Product Communications Vol. 6 (11) 2011 1717
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The chemical composition of the chromatographed parts of the oils from U. ovata, U. anonoides and U. tortilis were rich in hydrocarbons, containing between 36.8% and 94.0%, with the highest amounts of -terpinene (31.7%), -copaene (23.9%) and bicyclogermacrene (21.3%). With regard to the literature, these three compounds have not been previously cited as major components of an oil of a Uvaria species. To this can be added germacrene D (24.2%), which was noted by Ayedoun et al. [9] in the leaf oil of U. chamae. Low proportions of oxygenated compounds were noted, varying from 1.6% to 46.2%, with epi--cadinol (0.2%-27.3%) and intermedeol (9.7%-11.9%) as abundant components. It is well-know that Uvaria species oils have an important content of aromatic compounds [1, [8] [9] [10] , and, in agreement with these results, our oils revealed a proportion of aromatic compounds from 2.4% to 25.6%, characterized by 2,5-dimethoxy-p-cymene (15.5%) and benzyl benzoate (1.9-18.3%).
Taking into account the main constituents of the essential oils from Uvaria species reported in Table 2 , we can find different chemotypes:
1-
The chemical content of the root bark oil of U. ovata comprised mainly of camphene (10.2%), -pinene (10.1%), epi--cadinol (13.2%) and intermedeol (9.7%), while that of the stem bark was dominated by epi-cadinol (27.3%), intermedeol (11.9%) and benzyl benzoate (13.4%). The leaf oil contained -caryophyllene (15.6%), germacrene D (24.2%) and benzyl benzoate (18.3%) as abundant constituents.
2-
The leaf oil of U. anonoides was rich in 2.5dimethoxy-p-cymene (15.5%), bicyclogermacrene (21.3%) and benzyl benzoate (8.7%).
3-
U. tortilis is well-known as an endemic plant growing in the south of Ivory Coast; its stem bark oil contained -terpinene (31.7%), caryophyllene (23.9%) and germacrene D (15.8%).
This first chemical description of the oils from these three Uvaria species revealed new chemical compositions, besides the presence of aromatic derivatives. The combination of monoterpenoids and sesquiterpinoids, in addition to the abundance of oxygenated sesquiterpenes, such as epi--cadinol and intermedeol in our oils, showed clearly the differences of these oils from those Uvaria species described previously. However, as regard to the literature, the important presence of aromatic derivatives in numerous oils of Uvaria species growing in West Africa seemed to be linked to extrinsic factors such as soil and climate. Therefore, the main chemical components of the Uvaria species which have been described in the literature could be divided into two possible competitive biosynthetic pathways. The first one, using mevalonic acid as a precursor, leads to non-aromatic terpenes, and the second, a biosynthetic pathway involving shikimic acid as a precursor, leads to the formation of aromatic derivatives.
Experimental
Plant material and extraction: The different parts of U. ovata, U. anonoides and U. tortilis were collected in July 2007 from Toumodi (center), Agboville (south-east) and Sikensi (south), respectively, three localities in Ivory Coast. Each sample (500 g) of the 3 species was submitted to hydroditillation for 3 h, using a Clevengertype apparatus. The oils obtained by decantation were dried over anhydrous sodium sulfate, and then stored in sealed vials protected from the light at -20°C before GLC analysis.
Analysis of oils:
Each essential oil was analyzed on an Agilent gas chromatograph, Model 6890, equipped with a DB5 MS column (30 m X 0.25 mm, 0.25 µm), programming from 50°C (5 min) to 300°C at 5°C/min, with a 5 min hold. Hydrogen was used as the carrier gas (1.0 mL/min); injection in split mode (1:60); injector and detector temperatures, 280 and 300°C, respectively. The essential oil was diluted in n-hexane: 1/3 for GC/MS analysis: The essential oils were analyzed on an Agilent gas chromatograph, Model 7890, coupled to an Agilent MS, model 5975, equipped with a DB5 MS column (20 m X 0.20 mm, 0.20 µm), programming from 50°C (5 min) to 300°C at 8°C/min, with a 5 min hold. Helium was used as the carrier gas (1.0 mL/min); injection in split mode (1:250); injector and detector temperatures, 250 and 280°C, respectively. The MS was in electron impact mode at 70 eV; electron multiplier, 1500 V; ion source temperature, 230°C; MS data were acquired in the scan mode in m/z range 33-450.
Compounds were identified by comparison of their retention indices with those of known compounds and by comparison of their MS with either known compounds or published spectra [11, 12] .
